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FIG. 10A
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FIG. 10C
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FIG. 11
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FIG. 12
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FIG. 13
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FIG. 14
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1
SUPPORTER FOR FUEL CELL, AND
ELECTRODE FOR FUEL CELL,
MEMBRANE-ELECTRODE ASSEMBLY FOR
A FUEL CELL, AND FUEL CELL SYSTEM
INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of U.S.
Provisional Patent Application No. 61/664,600 filed in the
U.S. Patent and Trademark Office on Jun. 26, 2012, the entire
contents of which are incorporated herein by reference.

BACKGROUND

1. Field

The disclosure relates to a supporter for a fuel cell, and an
electrode, a membrane-electrode assembly, and a fuel cell
system including the same.

2. Description of the Related Technology

A fuel cell is a power generation system for producing
electrical energy through a chemical reaction between an
oxidant and hydrogen from a hydrocarbon-based material
such as methanol, ethanol, or natural gas. Such a fuel cell is a
clean energy source with the potential to replace fossil fuels.

Fuel cells include a stack composed of unit cells, each
configured to produce various ranges of power. Since a fuel
cell has about four to ten times higher energy density than a
small lithium battery, it has been highlighted as a small por-
table power source.

Typical examples of fuel cells include polymer electrolyte
membrane fuel cells (PEMFC) and direct oxidation fuel cells
(DOFCQ). A direct oxidation fuel cell that uses methanol as a
fuel is called a direct methanol fuel cell (DMFC). The
PEMFC has an advantage of high energy density and high
power, and a DOFC has lower energy density than that of the
polymer electrolyte fuel cell, but it has the advantages of easy
handling of a fuel, being capable of operating at room tem-
perature due to its low operation temperature, and no need for
additional fuel reforming processors.

In the above-mentioned fuel cell systems, the stack that
generates electricity includes several to scores of unit cells
stacked adjacent to one another. Each unit cell is formed from
amembrane-electrode assembly (MEA) and a separator (also
referred to as a bipolar plate). The MEA is composed of an
anode (also referred to as a “fuel electrode” or an “oxidation
electrode”) and a cathode (also referred to as an “air elec-
trode” or a “reduction electrode”) separated by a polymer
electrolyte membrane. Fuel is supplied to the anode and
adsorbed on catalysts of the anode. The fuel is oxidized to
produce protons and electrons. The electrons are transferred
into the cathode via an external circuit, and the protons are
transferred into the cathode through the polymer electrolyte
membrane. In addition, an oxidant is supplied to the cathode,
and then the oxidant, protons, and electrons react on catalysts
of the cathode to produce both electricity and water.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

In one aspect, a supporter for a fuel cell exhibiting good
stability is provided.

In another aspect, an electrode for a fuel cell including a
supporter is provided.

In another aspect, a membrane-electrode assembly for a
fuel cell including an electrode is provided.
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Inanother aspect, a fuel cell system including a membrane-
electrode assembly is provided.

In another aspect, a supporter for a fuel cell is provided
including, for example, a carbonaceous material and a tran-
sition metal oxide coating layer formed on a surface of the
carbonaceous material.

In some embodiments, the surface of the carbonaceous
material is covalently bonded with the transition metal oxide
and the transition metal oxide has an average particle size of
about 1.5 nm to about 10 nm. In some embodiments, the
carbonaceous material may be at least one of graphite, denka
black, ketjen black, acetylene black, carbon nanotubes, car-
bon nanofiber, carbon nanowire, carbon nanoballs, and acti-
vated carbon. In some embodiments, the transition metal
oxide may be selected from the group including ZrO,, SnO,,
WO;, TiO,, InO,, SnO, or a combination thereof. In another
embodiment, the transition metal oxide is a composite metal
oxide including at least two of Zr, Sn, W, Ti, and In. In some
embodiments, the amount of the transition metal oxide may
be between about 4 wt % to about 96 wt % based on 100 wt %
of the supporter.

In another aspect, a supporter and an active metal sup-
ported on the supporter is provided.

In some embodiments, the active metal may be at least one
selected from the group including platinum, ruthenium,
osmium, a platinum/ruthenium alloy, a platinum/osmium
alloy, a platinum/palladium alloy, a platinum/M alloy (M is a
transition element of Ga, T1, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn,
Mo, W, Rh, Ru, or a combination thereof), or a combination
thereof.

In another aspect, an electrode for a fuel cell including a
catalyst layer on an electrode substrate, the catalyst layer
including a supporter is provided.

In another aspect, a membrane-electrode assembly for a
fuel cell is provided that includes a cathode and an anode, an
electrode of the present disclosure formed as at least one of
the cathode and the anode. In some embodiments, the cathode
and anode are positioned facing each other with a polymer
electrolyte membrane interposed between the cathode and the
anode.

In another aspect, a fuel cell system is provided that
includes at least one electricity generating element including
a membrane-electrode assembly and separators positioned at
each side of the membrane-electrode assembly, a fuel sup-
plier, and an oxidant supplier. In some embodiments, the
electricity generating element is configured to generate elec-
trical energy through oxidation of a fuel and reduction of an
oxidant. In some embodiments, the fuel supplier is configured
to supply fuel to the electricity generating element and the
oxidant supplier is configured to supply the oxidant to the
electricity generating element.

In another aspect, a supporter for a fuel cell is configured to
provide a catalyst exhibiting superior stability, activity, and/
or cycle-life characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, together with the specifica-
tion, illustrate exemplary embodiments of the present disclo-
sure, and, together with the description, serve to explain the
principles of the present disclosure.

FIG. 1is a SEM photograph of the supporter for a fuel cell
and a schematic view showing a supporter according to one
embodiment.

FIG. 2 is a schematic view showing the structure of a fuel
cell system according to one embodiment.



US 9,343,750 B2

3

FIG. 3 is a graph showing X-ray diffraction results of the
supporter according to Reference Example 1 and Examples 1
to 3.

FIG. 4 is a graph showing a size of ZrO, in the supporter
according to Reference Example 1 and Examples 1 to 3.

FIG. 5 is a TEM photograph of the supporter according to
Reference Example 1.

FIG. 6 is a TEM photograph of the supporter according to
Example 1.

FIG. 7 is a TEM photograph of the supporter according to
Example 2.

FIG. 8 is a TEM photograph of the supporter according to
Example 3.

FIG. 9 is a 500,000-times enlarged TEM photograph of the
catalyst according to Example 7.

FIG. 10A to FIG. 10D are 500,000-times enlarged SEM
photographs according to Example 7.

FIG. 11 is a graph exhibiting activities of the catalysts
according to Example 7 and Comparative Example 1.

FIG. 12 is a graph exhibiting activities of the catalysts
according to Example 8 and Comparative Example 2.

FIG. 13 is a graph exhibiting activities of the catalysts
according to Example 9 and Comparative Example 3.

FIG. 14 is a graph exhibiting an active surface area of the
catalysts according to Example 7 and Comparative Example
1.

FIG. 15 is a SEM photograph of the catalyst according to
Example 10.

FIG. 16 is a SEM photograph of the catalyst according to
Example 11.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

In the following detailed description, only certain exem-
plary embodiments have been shown and described, simply
by way of illustration. As those skilled in the art would real-
ize, the described embodiments may be modified in various
different ways, all without departing from the spirit or scope
of the present disclosure. Accordingly, the drawings and
description are to be regarded as illustrative in nature and not
restrictive. In addition, when an element is referred to as
being “on” another element, it can be directly on the another
element or be indirectly on the another element with one or
more intervening elements interposed therebetween. Also,
when an element is referred to as being “connected to”
another element, it can be directly connected to the another
element or be indirectly connected to the another element
with one or more intervening elements interposed therebe-
tween. Hereinafter, like reference numerals refer to like ele-
ments. The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the disclosure. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

A supporter for a fuel cell may include, for example a
carbonaceous material and a transition metal oxide coating
layer on a surface of the supporter. In some embodiments, the
transition metal oxide has an average particle size about 1.5
nm to about 10 nm. The carbonaceous material and the tran-
sitional metal oxide are covalently bonded.
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FIG. 1 is a SEM photograph of a supporter for a fuel cell
and a schematic view showing the structure of the supporter.

The carbonaceous material may include one or more of
graphite, denka black, ketjen black, acetylene black, carbon
nanotubes, carbon nanofiber, carbon nanowire, carbon
nanoballs, and activated carbon.

The transition metal oxide may include one or more of
Zr0,, Sn0O,, WO,, TiO,, InO,, SnO, or a combination
thereof, and the composite metal oxide includes at least two
of Zr, Sn, W, Ti, or In. The transition metal oxide may have an
average size of about 1.5 nm to about 10 nm. In some embodi-
ments, the transition metal oxide has an average size of about
1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,
10, 10.5 and 11 nm or any range in between these values.

The amount of the transition metal oxide may be about 4 wt
% to about 96 wt % (e.g. about 4 wt % to 96 wt %) based on
100 wt % of the total supporter, and in another embodiment,
about 30 wt % to 50 wt %. In some embodiments, the transi-
tion metal oxide may be about 5 wt % to about 95 wt %; about
10 wt % to about 90 wt %; about 20 wt % to about 80 wt %,
about 30 wt % to about 70 wt %; about 40 wt % to about 60 wt
% based on 100 wt % of the total supporter or any range in
between any of the above listed values. When the amount of
the transition metal oxide falls in the above ranges, the sup-
porter exhibits good stability and electrical conductivity.

The amount of transition metal oxide may be optionally
between about 10 wt % to about 90 wt %, or about 15 wt % to
about 85 wt %, such as about 20 wt % to about 70 wt %, (e.g.
about 25 wt % to about 60 wt %).

The supporter according to one embodiment includes the
coating layer having the carbonaceous material and metal
oxide. It thus may have advantages including, for example,
high conductivity owing to the carbonaceous material and
thermal/electrochemical stability owing to the metal oxide. In
particular, since the carbonaceous material and the metal
oxide are covalently bonded, it is advantageous for prevent-
ing separation of the metal oxide from the supporter while
working for a long time.

Another embodiment provides a method of preparing the
supporter. In the method, a metal oxide precursor and a car-
bonaceous material are mixed with a solvent. The solvent
may be, for example, ethanol, water, isopropyl alcohol, or a
combination thereof. The carbonaceous material may be oxi-
dized by acids. The acid may be, for example, nitric acid,
sulfuric acid, or a combination thereof. The oxidization may
include mixing/refluxing the carbonaceous material and the
acid and then washing/drying. The acid used may have a
concentration of about 0.1 M to about 3 M. According to this
process, a “—OH” or “—0O” functional group is bonded to a
surface of the carbonaceous material.

The transition metal precursor may be a transition metal-
included acetylacetonate, acetate, chloride, or a combination
thereof. The transition metal may be, for example, Zr, Sn, W,
Ti, In, or a combination thereof.

The carbonaceous material may include graphite, denka
black, ketjen black, acetylene black, carbon nanotubes
(single-wall carbon nanotubes or multi-wall carbon nano-
tubes), carbon nanofiber, carbon nanowire, carbon nanoballs,
or activated carbon. Suitably, the carbonaceous material may
be selected from carbon nanotubes, carbon nanofiber, carbon
nanowire, or a combination thereof.

A mixing ratio of the transition metal precursor and the
carbonaceous material may be from about 4:96: to about 96:4
wt %. In some embodiments, the mixing ratio of the transition
meal to the carbonaceous material may be about 5:95 to about
95:5 wt %; about 10:90 to about 90:10 wt %; about 20:80 to
about 80:20 wt %; about 30:70 to about 70:30 wt %; about
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40:60 to about 60:40 wt %; or any range between any of the
above listed ratios. For example, in another embodiment, the
mixing ratio of the transition metal precursor and the carbon-
aceous material may be from 30:70 to 50:50 wt %. When the
mixing ratio of the transition metal precursor and the carbon-
aceous material is out of the above range, i.e., the amount of
the transition metal precursor decreases, sufficient durability
cannot be obtained. Furthermore, as the amount of the tran-
sition metal precursor increases, the electrical conductivity
may be reduced.

The mixing ratio may be performed at about 90° C. to about
200° C. The mixing ratio at the above temperature allows
rapid synthesis and termination reaction, thereby reducing
the particle size.

According to the above procedure, the transition metal
precursor adheres to a surface of the carbonaceous material
and is converted into a transition metal alkoxide. Particularly,
if the carbonaceous material oxidized with acid is used, the
transition metal precursor reacts with the “—OH” or “—0”
functional group on the surface of the carbonaceous material
to adhere to the surface of the carbonaceous material, thereby
converting the transition metal alkoxide.

Another embodiment provides a catalyst for a fuel cell
including the supporter and an active metal supported on the
supporter.

The active metal may be selected from platinum, ruthe-
nium, osmium, a platinum/ruthenium alloy, a platinum/os-
mium alloy, a platinum/palladium alloy, a platinum/M alloy
(Mis atransition element of Ga, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, Sn, Mo, W, Rh, Ru, or a combination thereof), or a
combination thereof. The catalyst according to another
embodiment may be used for an anode and/or a cathode. The
catalyst may be the same regardless of whether it is used in the
anode or the cathode. However, a polymer electrolyte fuel cell
may optionally include a platinum-ruthenium alloy as the
active metal as an anode catalyst in order to prevent catalyst
poisoning due to CO when the reformed fuel is used. Specific
examples of the catalyst include Pt, Pt/Ru, Pt/W, Pt/Ni, Pt/Sn,
Pt/Mo, Pt/Pd, Pt/Fe, Pt/Cr, Pt/Co, Pt'Ru/W, Pt/Ru/Mo, Pt/Ru/
V, Pt/Fe/Co, Pt/Ru/Rh/Ni, Pt/Ru/Sn/W, and a combination
thereof, but are not limited thereto.

The method of supporting the active metal on the supporter
is well-known in the related field, and a detailed description
thereof is omitted.

Another embodiment provides an electrode for a fuel cell
including a catalyst layer having the catalyst and an electrode
substrate.

The catalyst layer may optionally further include a binder
resin to improve its adherence and proton transfer properties.
The binder resin (referred as “ionomer”) may be optionally a
proton conductive polymer resin having a cation exchange
group selected from the group including a sulfonic acid
group, a carboxylic acid group, a phosphoric acid group, a
phosphonic acid group, and derivatives thereof at its side
chain.

Examples of the proton conductive polymer resin include
at least one proton conductive polymer selected from the
group including a fluorine-based polymer, a benzimidazole-
based polymer, a polyimide-based polymer, a polyetherim-
ide-based polymer, a polyphenylenesulfide-based polymer, a
polysulfone-based polymer, a polyethersulfone-based poly-
mer, a polyetherketone-based polymer, a polyether-etherke-
tone-based polymer, or a polyphenylquinoxaline-based poly-
mer.

In one embodiment, the proton conductive polymer is at
least one selected from the group including poly(perfluoro-
sulfonic acid), poly(perfluorocarboxylic acid), a sulfonic
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6

acid-containing copolymer of tetrafluoroethylene and fluo-
rovinylether, polyetherketone sulfide, an aryl ketone, poly(2,
2'-m-phenylene)-5,5'-bibenzimidazole, and poly(2,5-benz-
imidazole).

The hydrogen (H) in the cation exchange group of the
proton conductive polymer may be optionally substituted
with Na, K, Li, Cs, or tetrabutylammonium. When the H in
the cation exchange group of the terminal end of the proton
conductive polymer side chain is substituted with Na or tet-
rabutylammonium, NaOH or tetrabutylammonium hydrox-
ide may be optionally used during preparation of the catalyst
composition, respectively. When the H is substituted with K,
Li, or Cs, a suitable compound for the substitution may be
used. Since such a substitution is known in this art, a detailed
description thereof is omitted.

The binder resins may be used singularly or in combina-
tion. They may be optionally used along with non-conductive
polymers to improve adherence with a polymer electrolyte
membrane. The binder resins may be used in a controlled
amount to adapt to their purposes.

Examples of the non-conductive polymers include at least
one selected from the group including polytetrafiuoroethyl-
ene (PTFE), a tetrafluoroethylene-hexafluoropropylene
copolymer (FEP), a tetrafluoroethylene-perfluoroalkylvi-
nylether copolymer (PFA), an ethylene/tetrafluoroethylene
copolymer (ETFE), an ethylenechlorotrifluoro-ethylene
copolymer (ECTFE), polyvinylidenefluoride, a copolymer of
polyvinylidenefluoride-hexafluoropropylene (PVdF-HFP),
dodecylbenzenesulfonic acid, and sorbitol.

The electrode substrates are configured support the anode
and cathode and provide a path for transferring the fuel and
oxidant to catalyst layers. In one embodiment, the electrode
substrates are formed from a material such as carbon paper,
carbon cloth, carbon felt, or a metal cloth (a porous film
composed of metal fiber or a metal film disposed on a surface
of a cloth composed of polymer fibers). The electrode sub-
strate is not limited thereto.

The electrode substrates may be treated with a fluorine-
based resin to be water-repellent to prevent deterioration of
reactant diffusion efficiency due to water generated during
operation of a fuel cell.

Examples of the fluorine-based resin may include polytet-
rafluoroethylene, polyvinylidene fluoride, polyhexatluoro-
propylene, polyperfluoroalkylvinylether, polyperfluorosul-
fonylfluoride, alkoxyvinyl ether, fluorinated ethylene
propylene, polychlorotrifiuoroethylene, and copolymers
thereof. The electrode for a fuel cell may further include a
microporous layer to increase reactant diffusion effects of the
electrode substrate. The microporous layer generally
includes conductive powders with a particular particle diam-
eter, for example carbon powder, carbon black, acetylene
black, activated carbon, carbon fiber, fullerene, carbon nano-
tubes, carbon nanowire, carbon nanohorns, or carbon nanor-
ings. The microporous layer is formed by coating a compo-
sition including a conductive powder, a binder resin, and a
solvent on the electrode substrate.

The binder resin may optionally include polytetrafiuoroet-
hylene, polyvinylidenefluoride, polyhexafluoropropylene,
polyperfluoroalkylvinylether, polyperfluorosulfonylfluoride,
alkoxyvinyl ether, polyvinylalcohol, cellulo seacetate, a
copolymer thereof, and the like. The solvent may be alcohol
such as ethanol, isopropyl alcohol, n-propyl alcohol, butyl
alcohol; water; dimethylacetamide, dimethylsulfoxide,
N-methylpyrrolidone, tetrahydrofuran.

The coating method used may be selected from, but is not
limited to, screen printing, spray coating, doctor blade meth-
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ods, gravure coating, dip coating, silk screening, painting,
and so on, depending on the viscosity of the composition.

According to another embodiment, a membrane-electrode
assembly for a fuel cell including an electrode of the present
disclosure as at least one of a cathode and an anode is pro-
vided.

The membrane-clectrode assembly includes an anode and
a cathode facing each other, and a polymer electrolyte mem-
brane disposed between the anode and cathode. The polymer
electrolyte membrane may include any kind generally used
for a fuel cell, formed of a polymer resin, and having proton
conductivity, without any particular limit.

Examples thereof may include a polymer resin having a
cation exchange group selected from a sulfonic acid group, a
carboxylic acid group, a phosphoric acid group, a phosphonic
acid group, and derivatives thereof, at the side chain.
Examples of the polymer resin may include at least one
selected from a fluorine-based polymer, a benzimidazole-
based polymer, a polyimide-based polymer, a polyetherim-
ide-based polymer, a polyphenylenesulfide-based polymer, a
polysulfone-based polymer, a polyethersulfone-based poly-
mer, a polyetherketone-based polymer, a polyether-etherke-
tone-based polymer, and a polyphenylquinoxaline-based
polymer.

Preferred examples include poly(perfluorosulfonic acid)
(generally, commercially available as Nafion), poly(perfluo-
rocarboxylic acid), a copolymer of tetrafluoroethylene hav-
ing a sulfonic acid group and fluorovinylether, defluorinated
polyetherketone sulfide, aryl ketone, poly(2,2'-(m-phe-
nylene)-5,5'-bibenzimidazole, poly(2,5-benzimidazole), and
the like.

The hydrogen (H) may be substituted with Na, K, Li, Cs, or
tetrabutylammonium in a proton conductive group of the
proton conductive polymer. When the hydrogen (H) is sub-
stituted with Na in an ion exchange group at the terminal end
of the proton conductive group, NaOH is used. When the
hydrogen (H) is substituted with tetrabutylammonium, tribu-
tylammonium hydroxide is used. K, Li, or Cs may also be
substituted with use of appropriate compounds.

A method of substituting hydrogen (H) is known in the
related art, and therefore is not further described in detail. In
addition, the proton conductive polymer including substi-
tuted Na, K, Li, Cs, or tetrabutylammonium may be converted
into a proton type during the acid treatment of a catalyst layer.

According to another embodiment, a fuel cell system
including at least one electricity generating element, a fuel
supplier, and an oxidant supplier is provided. The electricity
generating element includes a membrane-electrode assembly
of the present disclosure and a separator (referred to as a
“bipolar plate”). The electricity generating element is config-
ured to generate electrical energy through oxidation of a fuel
and reduction of an oxidant.

Furthermore, the fuel supplier is configured to supply the
fuel to the electricity generating element and the oxidant
supplier is configured to supply the oxidant such as air or
oxygen to the electricity generating element. In one embodi-
ment, the fuel may include hydrogen or a hydrocarbon fuel in
the form of a gas or liquid. Examples thereof may include
methanol, ethanol, propanol, butanol, natural gas, and the
like.

The schematic structure of a fuel cell system is shown in
FIG. 2, which will be described in detail with reference to this
accompanying drawing as follows. FIG. 2 shows a fuel cell
system configured to supply a fuel and an oxidant to an
electricity generating element using a pump, but the fuel cell
system according to the embodiment is not limited to such
structures.
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The fuel cell system alternately includes a structure
wherein a fuel and an oxidant are provided in a diffusion
manner without a pump. The fuel system 1 includes at least
one electricity generating element 3 configured to generate
electrical energy by oxidation of a fuel and reduction of an
oxidant, a fuel supplier 5 configured for supplying the fuel,
and an oxidant supplier 7 configured for supplying an oxidant
to the electricity generating element 3.

In addition, the fuel supplier 5 is equipped with a tank 9,
which is configured to store fuel, and a fuel pump 11, which
is fluidly connected thereto. The fuel pump 11 is configured to
supply fuel stored in the tank 9 with a predetermined pumping
power. The oxidant supplier 7, which is configured to supply
the electricity generating element 3 with an oxidant, is
equipped with at least one oxidant pump 13 configured for
supplying an oxidant with a predetermined pumping power.

The electricity generating element 3 includes a membrane-
electrode assembly 17, configured to oxidize hydrogen or a
fuel and reduce an oxidant, and separators 19 and 19' respec-
tively positioned at opposite sides of the membrane-electrode
assembly and configured to supply hydrogen or a fuel, and an
oxidant, respectively.

A stack 15 is provided by stacking at least one electricity
generating element 3.

The following examples illustrate the present disclosure in
more detail. However, it is understood that the disclosure is
not limited by these examples.

Reference Example 1

Zirconium (IV) acetylacetonate and carbon black (CB-1)
were mixed under an ethanol solvent at 200° C. to produce a
reaction. At this time, the mixing ratio of zirconium (IV)
acetylacetonate and carbon black (CB-1) was about 12 wt
%:88 wt %. The ethanol reduction provided a supporter with
a zirconium oxide-included coating layer on a surface of the
carbon black (CB-1), and the carbon black (CB-1) and zirco-
nium oxide were covalently bonded.

Example 1

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, except that the mixing
ratio of zirconium (IV) acetylacetonate and carbon black
(CB-1) was about 35 wt %:65 wt %.

Example 2

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, except that the mixing
ratio of zirconium (IV) acetylacetonate and carbon black
(CB-1) was about 50 wt %:50 wt %.

Example 3

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, except that the mixing
ratio of zirconium (IV) acetylacetonate and carbon black
(CB-1) was about 70 wt %:30 wt %.

Example 4

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, except that the mixing
ratio of zirconium (IV) acetylacetonate and carbon black
(CB-1) was about 80 wt %:20 wt %.
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Example 5

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, except that crystalline
carbon black (CB-500), which was prepared by heat-treating
carbon black (CB-1) at 2000° C. was used instead of carbon
black (CB-1).

Example 6

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, except that crystalline
carbon black (CB-1000), which was prepared by heat-treat-
ing carbon black (CB-1) at 2500° C. was used instead of
carbon black (CB-1).

Determination of X-Ray Diffraction (XRD)

The X-ray diffraction for the supporters according to Ref-
erence Example 1 and Examples 1 to 3 was measured using
CuKa radiation. The results are shown in FIG. 3. As shown in
FIG. 3, as the amount of zirconium (IV) acetylacetonate
increases, the intensity of the peaks of t-ZrO, (200) and
t-ZrO, (111) increases. It can be known from the result that
the tetragonal structure is uniformly formed.

Measurements for Zirconium Oxide Particle Size

The size of ZrO, in the supporter according Reference
Example 1 and Examples 1 to 3 was measured. The results are
shown in FIG. 4. As shown in FIG. 4, as the amount of
zirconium (IV) acetylacetonate, i.e., the amount of ZrO, in
the supporter increases, the particle size increases. In FIG. 4,
the amount of ZrO, shown is based upon the weight percent-
age of zirconium (IV) acetylacetonate used to manufacture
the supporter.

TEM Photograph

TEM photographs (400,000-times enlarged) of the sup-
porter according to Reference Example 1 and Examples 1 to
3 are shown in FIGS. 5 to 8, respectively. It can be known
from FIGS. 5 to 8 that the bright portions are wider as the
amount of zirconium (IV) acetylacetonate is increased. The
brighten portions in FIGS. 5 to 8 indicate zirconium oxide so
that as the amount of zirconium (IV) acetylacetonate
increases, the dispersion ability improves.

Example 7

Pt was supported on the supporter according to Example 4
by a polyol method to prepare a Pt/Zr-carbon black catalyst
(Pt/Zr-CB-1).

Example 8

A catalyst (Pt/Zr-CB-500) was prepared by the same pro-
cedure as in Example 7, except that the supporter according to
Example 5 was used.

Example 9
A catalyst (Pt/Zr-CB-1000) was prepared by the same pro-

cedure as in Example 7, except that the supporter according to
Example 6 was used.
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Comparative Example 1

Pt was supported on a carbon black (CB-1) by a polyol
method to prepare a catalyst (Pt/CB-1).

Comparative Example 2

Pt was supported on crystalline carbon black (CB-500),
which was prepared by heat-treating the carbon black (CB-1)
at 2000° C., by a polyol method, to prepare a catalyst (Pt/CB-
500).

Comparative Example 3

Pt was supported on crystalline carbon black (CB-1000),
which was prepared by heat-treating the carbon black (CB-1)
at 2500° C., by a polyol method, to prepare a catalyst (Pt/CB-
1000).

TEM Photograph

500,000-times enlarged TEM photographs of the catalyst
according to Example 7 are shown in FIG. 9 and FIGS. 10A
to 10D. The TEM photographs in FIG. 9 and FIGS. 10A to
10D were obtained from various surfaces of the catalyst
according to Example 7. The photographs indicate that Pt and
Zr0, are uniformly distributed throughout the catalyst.

Measurements of the Catalyst Activity

The catalyst activity of the catalyst according to Examples
7 to 9 and Comparative Examples 1 to 3 was measured. The
results according to Example 7 and Comparative Example 1
are shown in FIG. 11. The results according to Example 8 and
Comparative Example 2 are shown in FIG. 12. The results
according to Example 9 and Comparative Example 3 are
shown in FIG. 13.

The catalyst activity for each was obtained by a CV (cyclic
voltammetry) experiment. At this time, a saturated calomel
electrode (SCE) was used as a standard electrode. Further-
more, the working electrode obtained by mixing 50 wt % of
the catalystand 50 wt % of an ionomer in an isopropyl alcohol
solvent to prepare a catalyst ink slurry and coating the ink
slurry on a glassy carbon rod was used. As a counter elec-
trode, a Pt mesh was used. The CV experiment was performed
in an aqueous solution of 0.1 M HC1O, and measured at a scan
rate of 10 mV/second.

The results from FIGS. 11 to 13 indicated that the catalyst
activity according to Examples 7 to 9 is excellent, as com-
pared to Examples 1 to 3, since the graph area of the catalyst
according to Examples 7 to 9 is wider than that of Compara-
tive Examples 1 to 3.

Measurements of Activated Surface Areas of
Catalyst

The activated surface areas of catalysts according to
Example 7 and Comparative Example 1 were measured in an
electrochemical experiment. The activated surface area per-
centages (%) after 1000 cycles were calculated based on
100% of the activated surface area of the catalyst.

The results are shown in FIG. 14. From FIG. 14, it can be
seen that a deterioration ratio of the catalyst according to
Example 7 is higher than that according Comparative
Example 7. Thus, the catalyst according to Example 7 main-
tains activity for a long time, as compared to Comparative
Example 1.
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Example 10

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, except that Sn acetylac-
etonate was used instead of zirconium (IV) acetylacetonate,
and the mixing ratio of Sn acetylacetonate and carbon black
(CB-1) was about 30 wt %:70 wt %.

Pt was supported on the supporter by the same procedure as
in Example 7 to prepare a catalyst.

Example 11

A supporter for a fuel cell was prepared by the same pro-
cedure as in Reference Example 1, exceptthat W chloride was
used instead of zirconium (IV) acetylacetonate, and the mix-
ing ratio of W chloride and carbon black (CB-1) was about 10
wt %:90 wt %.

Pt was supported on the supporter by the same procedure as
in Example 7 to prepare a catalyst.

TEM Photograph

A TEM photograph of the catalyst according to Example
10 is shown in FIG. 15. As shown in FIG. 15, Pt and Sn were
uniformly distributed throughout the catalyst.

Furthermore, FIG. 16 is a TEM photograph of the catalyst
according to Example 11. As shown in FIG. 16, Ptand W were
uniformly distributed throughout the catalyst.

While this invention has been described in connection with
what are presently considered to be practical embodiments, it
will be appreciated by those skilled in the art that various
modifications and changes may be made without departing
from the scope of the present disclosure. It will also be appre-
ciated by those of skill in the art that parts mixed with one
embodiment are interchangeable with other embodiments;
one or more parts from a depicted embodiment can be
included with other depicted embodiments in any combina-
tion. For example, any of the various components described
herein and/or depicted in the Figures may be combined, inter-
changed or excluded from other embodiments. With respect
to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the
plural to the singular and/or from the singular to the plural as
is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth
herein for sake of clarity. Thus, while the present disclosure
has described certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the scope of the appended claims, and equivalents
thereof.

What is claimed is:
1. A supporter for supporting a catalyst of a fuel cell,
comprising:
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a carbonaceous material composed of at least one of denka
black, ketjen black, acetylene black, carbon nanofiber,
carbon nanowire, and carbon nanoballs; and

a metal oxide coating layer formed on a surface of the
carbonaceous material, the surface of the carbonaceous
material covalently bonded with a metal oxide in the
metal oxide coating layer,

wherein the metal oxide is about 4 wt % to about 96 wt %
based on 100 wt % of the supporter, and

wherein the metal oxide is selected from ZrO,, InO,, or a
combination thereof.

2. The supporter of claim 1, wherein the metal oxide has an

average particle size of about 1.5 nm to about 10 nm.

3. The supporter of claim 1, wherein the metal oxide is a
combination of ZrO, and InO,.

4. An electrode for a fuel cell, comprising:

a catalyst layer disposed on an electrode substrate, the
catalyst layer including the supporter for a fuel cell of
claim 1; and

an active metal supported on the supporter.

5. The electrode of claim 4, wherein the active metal is
selected from the group consisting of platinum, ruthenium,
osmium, a platinum/ruthenium alloy, a platinum/osmium
alloy, a platinum/palladium alloy, a platinum/M alloy and a
combination thereof, and wherein M is a transition element
selected from the group consisting of Ga, Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Sn, Mo, W, Rh, Ru, and a combination
thereof.

6. The electrode of claim 4, wherein the catalyst layer
includes a binder resin.

7. The electrode of claim 4, wherein the binder resin
includes a proton conductive polymer resin having a cation
exchange group selected from the group consisting of a sul-
fonic acid group, a carboxylic acid group, a phosphoric acid
group, a phosphonic acid group, and derivatives thereof at its
side chain.

8. A membrane-electrode assembly for a fuel cell, com-
prising:

an anode and a cathode facing each other, at least one of the
cathode and the anode is the electrode of claim 4; and

a polymer electrolyte membrane interposed between the
cathode and the anode.

9. The membrane-electrode assembly of claim 8, wherein
the at least one of the cathode and the anode comprises an
active metal selected from the group consisting of platinum,
ruthenium, osmium, a platinum/ruthenium alloy, a platinum/
osmium alloy, a platinum/palladium alloy, a platinum/M
alloy and a combination thereof, and wherein M is a transition
element selected from the group consisting of Ga, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Sn, Mo, W, Rh, Ru, and a combina-
tion thereof.

10. The supporter of claim 1, wherein the amount of the
metal oxide is about 40 wt % to 90 wt % based on 100 wt %
of the total supporter.
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